Angiotensin-1-converting enzyme (AlCE) is a dipeptidyl hydrolase that cleaves the carboxylterminal dipeptides of Al and bradykinin (15) . It is elevated in the serum in diseases such as sarcoidosis (3, 9) , Gaucher's disease (10) , and thyrotoxicosis (20) and may be elevated in other diseases less frequently. AlCE has also been reported to be elevated in the serum and granulomas of mice infected with Schistosoma mansoni (17) . Furthermore, higher enzyme levels are present in chronic murine schistosomiasis, a phase of the disease associated with an attenuated granulomatous response as a consequence of spontaneous immunosuppression (modulation) that appears 16 to 20 weeks after infection (1, 17, 19) . The source of elevated serum AlCE activity in granulomatous disease is not known for certain, but may be the macrophage or epithelioid cell of the granuloma (17) . The present experiments were undertaken to assess AlCE directly in macrophages obtained from granulomas elicited by eggs of S. mansoni. Enzyme activity was assessed in granuloma macrophages (GMs), as well as in their culture supernatants.
MATERIALS AND METHODS
Experimental animals. C3H/HeN female mice, 8 to 12 weeks old, were purchased from Charles River Breeding Laboratories, Portage, Maine. CBA/Tufts 12-week-old female athymic mice and thymus-intact litter mates were a gift from H. Wortis, Department of Pathology, Tufts University School of Medicine.
Infection of mice. Mice were infected intraperitoneally with cercariae of S. mansoni, Puerto Rico strain, at the Center for Tropical Diseases, University of Lowell Research Foundation, Lowell, Mass. Mice receiving 120 and 40 cercariae were sacrificed 7 and 20 weeks, respectively, after infection.
Culture media. The culture medium used was minimum essential medium (MEM) (Microbiological Associates, Bethesda, Md.) supplemented with 0.5 mM sodium pyruvate, 2 mM L-glutamine, 50 U of penicillin per ml, 50 ,ug of streptomycin per ml, and 1% nonessential amino acids (all from Microbiological Associates). For harvesting peritoneal macrophages, this medium was further supplemented with 1% HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (Microbiological Associates), 10 U of ammonium heparin (Scientific Products Div., McGraw Park, Ill.) per ml, and 5% heat-inactivated fetal calf serum (FCS) (Flow Laboratories, Inc., Rockville, Md.). All cell incubations were carried out with supplemented MEM containing 5% FCS previously, heat inactivated at 70°C for 14 min, a treatment that eliminated all endogenous AlCE activity. In some experiments, dexamethasone sodium phosphate (ESI Pharmaceuticals, Cherry Hill, N.J.) was added to the culture medium.
Isolation of GMs. Macrophages obtained from mice 7 weeks after infection are referred to as early GMs (EGMs), and those obtained from mice 20 weeks after infection are referred to as late GMs (LGMs).
The 
RESULTS

AlCE activity in GMs. AlCE values were highest for
LGMs and EGMs at 2 h after plating (zero time) and subsequently declined over the next 72 h of culture (Fig. 1) . The value for LGMs at zero time (1.7 ± 0.26 nmol/min per mg of cell protein) was significantly higher than that for EGMs (0.57 ± 0.20 nmol/min per mg of cell protein), and both LGM and EGM values were significantly higher than that for PMs (0.2 ± 0.06 nmol/min per mg of protein). The AlCE activity of the PMs was relatively constant for the 72 h of culture.
In a separate experiment, we determined that the number of infective cercariae of S. mansoni did not significantly influence GM AlCE activity after 7 weeks of infection (0.82 ± 0.04 nmoll min per mg of cell protein for 40 cercariae versus 0.68 ± 0.09 nmollmin per mg of cell protein for 120 cercariae).
AlCE activity in culture supernatants. AlCE activity was elevated in the initial 24-h culture supernatants obtained from GMs, and that of LGMs was significantly higher than that of EGMs (Fig. 2) . The values declined in the subsequent 24-h culture intervals. PM supernatants showed low, but constant, AICE activities.
Effect of dexamethasone on GM AlCE activity. Friedland et al. (4) demonstrated previously that dexamethasone stimulated the AlCE activity of rabbit alveolar macrophages in vitro. Based on this observation, we included dexamethasone in the culture medium. In the presence of dexamethasone (10-6 M), the decline of the AlCE activity of LGMs, EGMs, and PMs and in their respective culture supernatants was either diminished or abrogated over the 72-h culture period ( Fig. 3 and 4) . The AlCE activity of macrophages and their culture supernatants declined in the absence of dexamethasone (Fig. 3  and 4) . The optimal concentration of dexamethasone for the stimulation of AlCE activities was 10-6 M, as determined in a titration experiment.
AlCE activity in athymic mice. The participation and role of T-cell subsets during the course of murine schistosomiasis have been the subject 
DISCUSSION
In this paper, we have shown that the AlCE activity displayed by GMs is markedly elevated compared with that of the control PMs. Moreover, isolated LGMs displayed significantly higher enzyme activity than did EGMs. This finding is in agreement with that of Weinstock and Boros (19) and may explain the elevation of AlCE activity observed in serum and granulomas in chronic schistosomiasis (17, 19) .
AlCE activity was highest in all cell populations at 2 h after plating. The enzyme levels both in cells and in their culture supernatants subsequently declined over the following 72 h of in vitro cultivation. This effect could not be attributed to cell death or loss, neither could it be modified by the addition of phagocytic stimuli (1-,um polystyrene particles) to the macrophages, the addition of nonadherent cells from granulomas (which, per se, did not express AlCE activity), or the supplementation of the culture media with sera from schistosome-in- of extensive investigation (13, 18) . More specifically, Weinstock and Boros have described a granuloma-associated increase of AlCE activity during the chronic phase of the disease believed to be dependent on splenic suppressor T cells (18) . To further investigate the possible role of T cells in determining the AlCE activity of GMs, we sacrificed athymic mice and litter mate thymus-intact controls 7 weeks after infection with 120 cercariae of S. mansoni. As previously noted (13) , hepatic granulomas from the athymic mice were comparatively smaller and showed decreased eosinophil infiltration. However, GMs from both groups of animals showed equal adherence capability as judged by cell counts and protein determinations. GMs from the athymic mice displayed higher levels of AlCE activity at time zero and up to 72 h of culture compared with control GMs (Fig. 5) . AlCE activity in supematants of athymic GMs also was significantly elevated compared with control GMs at all times up to 72 h of culture (Fig.  6 ). AlCE activity in both groups of animals declined over the 72 h of culture ( Fig. 5 and 6 ). The addition of dexamethasone to the culture medium, however, resulted in the enhanced expression of AlCE activity in both cells and supernatants. This effect could be indicative of increased AlCE synthesis by the macrophages in vitro, reflecting the known potential of steroid hormones to induce protein synthesis in certain cell systems (12) . The diminished degradation of AlCE as an alternative explanation cannot, however, be ruled out. This observation suggests a role for steroid hormones in determining the production and levels of AlCE in vivo.
The elevated AlCE levels of GMs from athymic mice compared with those from litter mate thymus-intact animals are additional evidence for a possible role of T lymphocytes in regulating GM AlCE production. Weinstock and Boros have previously discussed the role and phenotypes of T-lymphocyte subsets involved in murine schistosomiasis (18) . The data obtained from the athymic mouse model suggest that, as a whole, T lymphocytes may exert an inhibitory effect on GM AlCE production, at least in the early phase of the disease.
The murine schistosomiasis model may be the best one currently available to study the interrelationships of granulomas and AlCE production. Other experimental models of granuloma formation, such as those induced with Freund adjuvant (14) and talc (6) , have not resulted in the elevation of granuloma or serum AlCE.
The observed elevation of AlCE activity in the late schistosomal granuloma (17, 19) (8) . Therefore, the increased inactivation of bradykinin by the elevation of AlCE activity might diminish the inflammatory response and contribute to the observed involution of granulomas at 20 weeks.
